Males aged over 40 do more gym practice to improve their body image as a way of reinforcing their personal self-esteem and sexual appeal.
I. Introduction
The prevalence of physical fitness among men has risen in recent decades in the new generation.
Level of exercise increases physical fitness, which leads to health benefits. However if in excess, it can be associated with the development of psycho-medical diseases.
As a result of desiring the perfect body image, a new pathology can emerge in those cases in which self-image becomes an obsession. This is known as bigorexia or muscle dysmorphia (MD) (Blashfield et al., 1990; Pope et al., 1997; Mosley, 2009; Nieuwoudt et al., 2012) , a disorder in which a person becomes obsessed with the idea that he or she is not muscular enough.
This disorder affects mainly men (Phillips, 2009 ). The individuals who suffer it think that their body shape and size is scrawny or too small, which can increase obsessive and negative behaviour related to their appearance. It can also be associated with depression, social anxiety, self-esteem issues and social phobia (Pope et al., 1997; Hitzeroth et al., 2001) . However, several studies (Greenberg et al. 2010; Phillips et al. 2010) have concluded that it is unclear as to whether MD co-occurs with other forms of body dysmorphic disorder (BDD), such as plastic surgery or anorexia. Other authors have classified MD as an independent disease entirely, a condition derived from the so-called body image disturbance (Murray et al., 2010) .
The causes that explain MD development are not completely known, but there are two key ideas: firstly, it is assumed to be a form of obsessive-compulsive behaviour (Leone et al., 2005) ; secondly, the effect of media and social contagion (Christakis and Fowler, 2009; Raafat et al., 2009 ) places pressure on men to conform to an ideal body shape, to the extent that they spend more time in the gym. Some studies have suggested that distortion and dissatisfaction with body image may relate with MD onset (Lantz et al., 2001; Mccabe et al., 2005; Martí-González et al., 2 2012 ), which affects not only adult men, but also young boys (Cohane et al., 2001 ) and mature men (Mayer, 2011) .
Previous research works have shown that individuals with MD develop social problems since they attempt to spend more time in the gym, which leads to avoidance of social events and can cause family conflicts, and even loss of jobs. Thus exercise becomes the most important priority in their life and can lead to social isolation (Phillips et al., 1995; Pope et al., 1997; Olivardia, 2001 ).
The negative MD-related effects and risk behaviours on health consist in excessive supplemental abuse of anabolic androgenic steroids (AAS), unhealthy diet and drug abuse. Clinical studies have shown psychological problems, such as mood changes, which increase aggressiveness and violence of the individuals who have used AAS to increase their muscularity (Pope et al., 2009; Walker et al., 2009) . These behaviours are the result of men's dissatisfaction with their body image (French et al., 1995; Greenberg et al., 2010) . In particular, it is estimated that athletes who have used anabolic steroids oscillate between 1 and 3 million in the United States (Silver, 2001; Brown, 2005) . Pope et al., (200b) have also claimed that more than 10% of bodybuilders suffer MD. However, their results also concluded that men with MD vastly differ from normal weightlifters, most of whom present a minor psychopathology (Choi et al., 2002) .
Very few studies on the economic and socio-cultural factors that influence individuals to develop excessive gym practice are available. Research shows a positive relationship between household income and sport participants. This means that an individual's income is an important factor in deciding about practicing sport (Eide and Ronan, 2001; Farrell and Shields, 2002; Humphreys and Ruseski, 2011) . One explanation of this effect is that culture in western societies considers that men with an ideal body can achieve a better quality of life (Popkin, 2003) . Another cause related to MD development is men's intention to increase their attractiveness to other men or women which, according to previous studies (Brown and Graham, 2008; Chaney, 2008) , may lead to higher gym practice rates among homosexuals. Furthermore, according to Pompper (2010) , men are afraid of being feminine and, consequently, the masculinity concept influences men's body shape.
The socio-cultural factors that may influence MD development can be classified into three environmental sources: messages from the family, friends and media (e.g., fashion models, athletes and entertainment) (Olivardia et al., 2000; Ricciardelli and McCabe, 2003; Keery et al., 2004) .
Cultural values and preferences may influence and shape BDD symptoms (Phillips, 2005) . Peer pressure among teenage boys includes extreme cases of bullying (Wolke and Sapouna, 2008) , parental comments, and media and society also influence their behaviour. Thus they feel they have to control their body weight and shape from a very young age (Smolak et al., 1999 ).
Yet despite MD having been recognised as a subcategory of BDD in the DSM IV-TR, there are no standardised medical procedures developed for its treatment. To date, only the cognitive-behaviour therapy (CBT) exists, which is a clinical treatment to reduce BDD symptoms.
For the particular case of Spain, the Spanish General Council of Pharmacists has estimated that around 700,000 people consumed doping substances in Spain in 2011 in order to increase their muscles mass (Salinas, 2011) . Although there are no conclusive results, it is estimated that there were around 20,000 Spanish people with dysmorphic disorder in 2011 (Salinas, 2011) .
In line with this framework, our study develops a discrete population mathematical model to forecast the prevalence rate of non-competitive bodybuilders at risk of suffering MD in Spain in the next 5 years. For this purpose, economic, emotional and psychological motivations were taken into account to quantify the dynamic behaviour of Spanish non-competitive bodybuilders.
The paper is organised as follows: Section II deals with the modelling construction throughout a discrete system of difference equations that represent the population of interest. This section also presents the dynamic changes between populations, hypotheses, data collection and data matching. Section III offers the computations and simulations carried out after assuming several pos-sible economic scenarios for forthcoming years. Section IV includes the conclusions and business possibilities.
II. Methods
Spanish adult men attending gyms aged between 18 to 40 years comprised the target study population. Although some authors consider the typical range of onset to start from 15 to 30 years (Facchini, 2006; Pope et al., 2000a) , recent studies (Mayer, 2011) have shown that mature men aged up to 40 years are also affected by MD.
In order to analyse the MD pathology of non-competitive bodybuilders, the Test Breve de Vigorexia (TBV questionnaire) (Baile, 2005) -N: defined as incidental non-competitive bodybuilders; those men who obtained a questionnaire score that was equal to or lower than 2 points, and who reported that they did 1 or 2 workout sessions per week.
-S: frequent non-competitive bodybuilders: those men with a questionnaire score of 3 or 4 points, and who reported having bodybuilding sessions at least 3 times per week.
-A: non-competitive bodybuilders at risk of developing MD obtained a questionnaire score higher than 5 points and also reported practicing non-competitive bodybuilding more than 3 times per week.
Participants
We passed the questionnaire twice, once in 2011 and again in 2012, in both locations: the public gym of the Polytechnic University of Valencia and a private multi-located gym. Participants were asked to complete the TBV which comprised 10 questions.
The stratified sampling method based on the Spanish population's age was applied. Table 1 shows not only the data collected from the two samples, but also the classification of Spanish non-competitive bodybuilders by subpopulations after adjusting statistically using the data of both the Spanish National Statistical Institute (INE) and Ferrando and Goig (2010) . Table 1 showed that the proportion of frequent non-competitive body builders (S) and non-competitive body builders at risk of suffering MD (A) increased considerably in Spain from 2011 to 2012. Thus the mathematical model was built according to the hypothesis: the increase in this pathology occurs due to economic, emotional and social contagion drivers.
[TABLE 1]

Mathematical model
The purpose of this section was to develop a discrete mathematical model to allow us to determine the behaviour of bodybuilders during the 2012-2015 period.
As mentioned in the previous section, the study population was divided into three categories according to the scores participants obtained in the TBV questionnaire (Baile, 2005) . Attention was paid to forecast the number of incidental non-competitive bodybuilders (N), frequent noncompetitive bodybuilders (S), and those men at risk of developing MD (A).
The non-competitive bodybuilder's behaviour is dynamic, which means that it can vary over time, and embraces interactions and changes of individuals among subpopulations. Accordingly, the mathematical model used to describe this dynamics is a system of difference equations whose unknowns are:
Nn= Number of males that are incidental non-competitive bodybuilders aged [18, 40] in year n.
Sn= Number of males that are frequent non-competitive bodybuilders aged [18, 40] in year n.
An= Number of males non-competitive bodybuilders at risk of suffering MD aged [18, 40] in year n.
The total population (P) at time n was given by:
1)
The dynamic behaviour of non-competitive bodybuilders was based on their transit between the subpopulations explained by the coefficients that needed to be modelled according to the economic, emotional and contagion hypotheses.
The study period began in 2011, when the first study sample was obtained, after which time any variation among subpopulations N, S, and A was estimated for the interval [n, n+1] .
Hypotheses of the model
The following hypotheses of the model are presented: 1-The individuals are included in the model only as normal-non-competitive bodybuilders (N) according to two hypotheses: a.
Male non-competitive bodybuilders aged from 18 years. It is assumed that the increase in incidental non-competitive bodybuilders (N) and frequent non-competitive bodybuilders (S) in year n is equal to the Spanish birth rate in that year (n-18), while it is 0 for subpopulation A.
b. As a result of economic improvement, if it occurs, the population invests more money in practicing sports, which increases the N subpopulation (Eide and Ronan, 2001; Farrell and Shields, 2002; Humphreys and Ruseski, 2011) .
2-The non-competitive bodybuilders leave the model in year n given three possible scenarios:
a.
The non-competitive bodybuilders are older than 40 years and their number lowers in year n.
b. As a result of the economic crisis, a proportion of the N subpopulation emigrates abroad and gives up practicing bodybuilding.
c. Because of economic deterioration, incidental non-competitive bodybuilders practice less bodybuilding since it may be considered a luxury good. However, the level of practice of subpopulations S and A does not lower.
3-The individuals can only move from one category or subpopulation to another (Christakis and Fowler, 2009; Raafat, et al., 2009 ). Thus, the N bodybuilders can be transferred to subpopulation S, and vice versa. A possible recovery transfer from frequent non-competitive bodybuilders (S) to incidental non-competitive bodybuilders is also assumed (N).
Individuals' transits are due not only to their own characteristics, but also to their environmental conditions (economic and personal drivers) that define their behaviours (Girard, 2008; Christakis and Fowler, 2009; Raafat, et al., 2009 ).
Hence, transits among subpopulations are due to:
Influence of personal experiences in childhood (bullying) (Wolke and Sapouna, 2008; Boyda and Shevlin, 2011) , and looking to improve their sex appeal (Brown and Graham, 2008; Chaney, 2008; Pompper, 2010) or to rebuild their personal life after divorce or being deprived of a person (Duato and Jódar, 2011) , defined by .
b.
The combination of opposite drivers, such as, emotional impact and economic recovery, .
c. Influence of personal relationships, especially with MD non-competitive bodybuilders (A), is a determinant of people's habits and behaviours; e.g., their diet and the special products they consume, (Christakis and Fowler, 2009; Raafat et al., 2009 ).
d. Influence of economic improvement, if it happens (improved unemployment rate),
combined with rebuilding personal life, can produce a backward move from excessive non-competitive bodybuilders (S) to normal non-competitive bodybuilders (N), (Popkin, 2003) .
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The model dynamics can be described by the following equations:
and also as a more compact form X(n+1)=A(n)X(n), where X(n)=(N(n), S(n), A(n)) T is the population vector and A(n) is the matrix of the transit coefficients given by:
and can also be expressed by the model dynamics (Figure 1) .
The values of all the parameters were estimated from the different sources of information and hypotheses, except transit , which was adjusted by the model.
[FIGURE 1]
The following model parameters were estimated: is the emigration rate caused by unemployment in Spain. In 2011, 150,000 people left Spain to look for work abroad. Of this number, 5% were non-competitive bodybuilders (Ferrando and Goig, 2010) , thus =(0.05 x 150,000)/537,064=0.014. It can be assumed that the population who emigrated was incidental non-competitive bodybuilders (N), and that this rate remained constant for the 2011-2015 period (Arango, 2009 ).
is the influence of the economy on non-competitive bodybuilding practice. From the data observed in previous years of both the INE and Ferrando and Goig (2010) , it is assumed that for each 1% reduction in the unemployment rate, the N category increases 0.4% in year n;
and that for each 1% increase in the unemployment rate, the N category lowers 0.2% in year n.
"
is the rate of possible recovery of subpopulation S estimated as the sum of two non-negative components: economic ( ) and/or personal life recovery ( ).
-, if the economy improves, the physical activity practiced by non-competitive bodybuilders diminishes as they will have less spare time because they work more hours. Thus, 80% of the jobs produced by possible economic recovery (estimated through the INE's annual unemployment rate) is absorbed by the population whose age falls within the interval [18, 40] , of whom 5% are non-competitive bodybuilders (Ferrando and Goig, 2010) . Hence, =0.05*0.7796=0.03898. It is assumed that this rate remains constant for the shortterm study.
is the rate of emotional status. Emotions and past experiences may define non-competitive bodybuilders' attitudes motivated mainly by low self-esteem. The emotional rate is estimated as the combination of the weighted average of two addends corresponding to the proportion of non-competitive bodybuilders practices according to two significant age intervals: [18, 25] corresponding to those bodybuilders living with their parents; [26, 40] defined by the non-competitive bodybuilders assumed to be economically self-sufficient.
is estimated as the proportion (9.06% (INE, 2011)) of Spanish people aged within the interval [18, 25] , 5% of whom are non-competitive bodybuilders and have a low level of selfesteem as a result of past experiences, such as a childhood trauma (4%) (Wolke and Sapouna, 2008), or they hope to improve their physical attractiveness (8%) (Hönekopp et al., 2007; Brown and Graham, 2008; Pompper, 2010; Varangis, et al., 2012) and others 1% (emotional drawbacks). In all cases, individuals are pushed to the bodybuilding practice. Then is weighted as 1/3 of . (9.06%/25.63% = 1/3), where 9.06% is the rate of Spanish men aged (Hönekopp et al., 2007; Brown and Graham, 2008; Pompper, 2010; Varangis, et al., 2012) , and others 1% (emotional drawbacks).
" " -is the rate of transit from excessive non-competitive bodybuilders (S) to the non-competitive bodybuilders suffering MD (A) as a result of the combination of two opposite factors, emotional status and economic recovery, which is defined as follows:
" -is the contagion effect from the interaction between non-competitive bodybuilders at risk of developing MD (A) and incidental non-competitive bodybuilders (N), incidental non-competitive bodybuilders' (N) transit to frequent-non-competitive bodybuilders (S). This value was adjusted from the model using the data collected by the two samples cited in the participants section: = 0.08415 (Christakis and Fowler, 2009; Raafat, et al., 2009 ).
is the contagion effect produced by the interaction between subpopulations A and S. Then frequent non-competitive bodybuilders (S) transit to non-competitive bodybuilders at risk of suffering MD (A). is assumed constant for all the study years. It is assumed that this coefficient becomes twice the value given the fact that the S non-competitive bodybuilders are more likely to mimic A bodybuilders as a result of the "mirror effect" (Christakis and Fowler, 2009; Raafat, et al., 2009) . After matching the data, the value found was =2* .
It is important to remark that the robustness of the model versus a change is studied in contagious parameter in the Results section.
III. Results of the model
The mathematical model allows us to forecast subpopulations N(n), S(n) and A(n) in any year n by computing the solution of the difference system (2). As noted while building the model, the economy has a prevalent influence on the subpopulation transits mainly measured by level of unemployment. As the real economic situation of forthcoming years is unknown, several economic scenarios were assumed based on the opinions of prestigious institutions such as FUN-CAS and OECD. As the Spanish economy is currently quite volatile, these institutions have provided forecasts only until the end of 2013. As our study period ends in 2015, reasonable economic scenarios were assumed for 2014 and 2015 following the forecasts of FUNCAS and OECD. Furthermore, in order to guarantee that the possible real economic scenario is included in the model developed herein, two possible economic scenarios were simulated, Optimistic and Pessimistic, which are respectively more optimistic and more pessimistic than the OECD and the FUNCAS ones (Table 2) .
[ 
Simulation of economic scenarios
Four possible scenarios were simulated according to levels of unemployment. After building the economic scenarios, the following table (Table 3) Sensitivity analysis of the proportionality ratio of social contagion parameter .
In the constructed model, social contagion parameter was assumed to be twice the value of , as so: > . As knowing how much bigger was than was uncertain, it is advisable to perform a sensitivity analysis of this proportionality factor between both parameters. Following the subpopulation A simulation done according to a variation in the proportionality factor and considering the interval [1,3], we obtain: = to =3* .
Simulations were performed by assuming that all the parameters remained constant and that the applied unemployment rate was the annual average unemployment rate of all the possible economic scenarios considered (i.e., OECD, FUNCAS, optimistic, pessimistic).
[ The next section summarises the conclusions drawn from the results obtained.
IV. Conclusions
The present study allows the forecast of the volume of Spanish non-competitive bodybuilders at risk of being affected by MD during the study period [2012] [2013] [2014] [2015] . The development of the mathematical population model considers demographic, economic, emotional and behavioural factors and splits the target population into three categories according to the amount of noncompetitive body builder practice they report and their psychological dependence, measured by the TBV questionnaire (Baile, 2005 ). This population model is founded on the human behaviour of herding and social contagion (Christakis and Fowler, 2009; Rafaat, 2009 ) and on the study of the dynamic transits among the subpopulations throughout the study period.
As some coefficients, such as the social contagion effect, are difficult to measure accurately, the data from the subpopulation quantities at two different time instants were used, along with the model's response to match uncertain coefficients.
In order to increase the reliability of our results, a sensitivity analysis was performed by studying the change in the results versus the variation in the social contagion parameter. From our results, we can conclude that our model is robust.
One of the main advantages of this model is that it can be applied to any other western country where data are available, and also to another study period in which the hypotheses are applicable.
Unlike previous studies, mainly qualitative and statistical searches for the main drivers and the construction of appropriate questionnaires and their validation (Pope et al., 2000b; Olivardia, 2001; Kanayama et al., 2006; Hildebrandt et al., 2006) , this study quantifies the volume of noncompetitive bodybuilders practitioners and bodybuilders at risk of suffering MD in the next few years. For the first time, sociological influences such as human herding and social contagion have been introduced into a study about MD (Christakis and Fowler, 2009; Raafat et al., 2009) .
Social contagion has also been used to explain the propagation of some socio-epidemics, such as obesity (Christakis and Fowler, 2007) or compulsive shopping (García et al., 2011) .
For the sake of honesty, we should acknowledge that one limitation of our study stems from our hypotheses about quantifying the influence of emotional status in non-competitive body builder practice, and the approximate age intervals when men become economically self-sufficient (see coefficient ). Finally, as official data on the Spanish coupling rate are lacking, by embracing those who are married and non-officially registered couples (or separations), the rate of Spanish coupling (or separations) has been conservatively estimated since we considered only the official Spanish marriage rate (or Spanish divorce rate) data provided.
